Introduction
Generation and detection of THz radiation based on the excitation of plasma oscillations in the two-dimensional electron gas (2DEG) channel of the high-electron mobility transistor (HEMT)-like structures has been proposed [1] and observed experimentally [2, 3] . However, the measured frequencies of plasma oscillations occurred to be lower than expected ones. It was supposed that such a reduction in resonant frequencies of plasma oscillations can be caused by the impact of the ungated regions of 2DEG channel [4] and by highly conducting cap layers [5] . In this paper we focus on the contribution of the nonideality of the gate-2DEG channel capacitance and demonstrate that its neglection results in the overestimate of the fundamental frequency of plasma oscillations excited in the 2DEG channel.
Impact of fringing effects on the reduction of plasma frequency
Fundamental frequency of plasma oscillations excited in the 2DEG channel of the HEMT structure schematically shown in Fig. 1a can be expressed in the form
where V g and V th are the gate bias and threshold voltages, respectively, e and m * are electron charge and effective mass. The gate contact of the length L g serves to control the electron concentration in the 2DEG channel formed at the heterointerface between the wide-gap (InAlAs) and narrow-gap (InGaAs) layers. Total electron sheet density in the 2DEG channel beneath the gate is Σ = Σ 0 + Σ in , where Σ 0 is sheet electron density at V g = 0 and Σ in is the sheet density of the charge induced in the 2DEG channel by the gate bias voltage. To esimate the latter the ideal parallel plate capacitor model is widely used:
where
, is the capacitance of the ideal parallel plate capacitor, W is the width of the device, d = d + ∆d, d and ∆d are the gate to channel separation and effective thickness of the 2DEG, respectively, ε r is relative dielectric constant, ε 0 is the dielectric constant of vacuum. We believe that fringing effects may have significant impact and can be responsible partially for the reduced values of measured resonant frequenices of plasma oscillations. To account for their contribution the electric field distribution at the 2DEG surface (see Fig. 1b ) has been obtained using an approach of Ref. [6] . Fig. 2 shows electric field as a function of the distance from the gate edge at different ratio d/L g . Fringing electric field also induces the charge in the ungated part of the 2DEG channel. We propose to represent the region where the charge is controlled by the gate bias voltage as a cascaded transmission line [7] with realistic gate-2DEG channel capacitance derived 
pp. 170-171 using the model of Fig. 1c and Ref. [6] :
0 5
Normalized distance from the gate edge x/l, a.u. The resonant frequency ω f r of plasma oscillations in such cascaded transmission line can be obtained from the following equation:
where β 2 and l 2 are the propagation constant in and length of the region under the effect of fringing field, R 1 , R 2 , L 1 ,L 2 , and C 1 , C 2 are resistances, inductances and capacitances of cascades 1 and 2. The equivalent circuit model for the cascaded transmission line has been developed using the approach presented in [8] for InAlAs/InGaAs HEMT with following parameters: mobility of 2D electrons in the HEMT channel µ = 40000 cm 2 /Vs, L g = 50 nm, conduction-band-edge offset ∆E c = 0.53 eV, Schottky barrier height for Ti/Au/Pt contact to InAlAs [9] 
Conclusions
We considered the effect of nonideality of the gate-2DEG channel capacitance on the frequency of plasma oscillations excited in the 2DEG HEMT channel. It is shown that not only the ungated regions of the 2DEG channel and cap layer but also fringing effects can be the cause of the reduction of plasma oscillation frequency. Neglection of the gate-2DEG channel capacitance nonideality may result in the overestimated values of fundamental plasma frequency.
